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(54) Power supply circuit for supplying power to electronic device such as image forming 
apparatus

(57) A developing means (4) develops a latent image
with a developing agent. A supply means (200) supplies,
to the developing means, a developing alternating cur-
rent bias voltage with a waveform having a pulse period
during which a rectangular wave is output and a blank
period during which no rectangular wave is output. An

input signal generation means (201) generates, as an
input signal to be supplied to a primary side of a trans-
forming means (T1) that forms the developing alternating
current bias voltage, an input signal obtained by adding
an additional pulse smaller in width than the rectangular
wave in the pulse period at a timing to transit from the
pulse period to the blank period.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a power supply
circuit for supplying power to an electronic device such
as an image forming apparatus.

Description of the Related Art

[0002] A developing device in an electrophotographic
or electrostatic printing image forming apparatus effi-
ciently develops an electrostatic latent image with toner
by applying, to a developing sleeve, a voltage in which
DC (Direct Current) and AC (Alternating Current) voltag-
es are superposed. In particular, an AC voltage having
a rectangular waveform increases the charging efficiency
of toner with respect to a latent image (ratio at which
toner charges couple with latent image charges).
[0003] A voltage applied to the developing sleeve
needs to have a target value. This is because various
problems arise if an applied voltage greatly exceeds a
target voltage to generate an overshoot. For example, a
current flows through an unintended conductor via the
surface of an insulator or an air layer. Also, aerial dis-
charge occurs in a conductive impurity mixed in a devel-
oping agent, damaging a latent image. As one solution
to relieve these problems, a damping resistor having a
sufficiently large resistance value is adopted.
[0004] However, the use of the damping resistor also
has disadvantages. For example, the rise and fall re-
sponses become slower than those of an ideal rectan-
gular wave, resulting in a blunt rectangular wave. The
blunt rectangular wave is poorer in charging efficiency
than the ideal rectangular wave. The power loss across
the damping resistor accounts for half the input power to
an AC voltage generation circuit, increasing the space
for permitting the energy loss and raising the component
cost.
[0005] In Japanese Patent Laid-Open No.
2002-354831, an AC voltage generation circuit is formed
from a full bridge circuit made up of four switching ele-
ments. A predetermined OFF period is set in part of a
period during which each switching element is turned on.
This arrangement relieves an overshoot without depend-
ing on a damping resistor.
[0006] The invention disclosed in Japanese Patent
Laid-Open No. 2002-354831 can correct an output wave-
form distortion by LC resonance satisfactorily for a de-
veloping unit, photosensitive member, developing high-
voltage power supply, and developing agent under a giv-
en condition. However, a problem arises when the con-
ventional technique is applied to a so-called blank pulse
waveform having a pulse period during which a rectan-
gular wave is output and a blank period during which
output of a rectangular wave stops.

[0007] Fig. 8 exemplifies a waveform when the con-
ventional technique is applied to the blank pulse wave-
form. When a constant OFF period is always used, like
the conventional technique, LC resonant waveforms ap-
pear at a leading edge from the blank period to the pulse
period and a trailing edge from the pulse period to the
blank period. Such a waveform distortion degrades the
developing quality, as described above.

SUMMARY OF THE INVENTION

[0008] It is a feature of the present invention to achieve
stable development while decreasing dependence on a
damping resistor by suppressing a shape distortion of a
blank pulse waveform.
[0009] The present invention is realized, for example,
on an image forming apparatus as specified in claims 1
to 3, 9 and 10.
[0010] Furthermore, the present invention is realized,
for example, on a power supply circuit as specified in
claims 4 to 8.
[0011] Further features of the present invention will be-
come apparent from the following description of exem-
plary embodiments (with reference to the attached draw-
ings).

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 is a schematic sectional view showing an
image forming apparatus;
[0013] Fig. 2 is a circuit diagram showing a power sup-
ply device according to the first embodiment;
[0014] Fig. 3 is a waveform chart showing gate signals
to semiconductor switching elements Q1, Q2, Q3, and
Q4 and an output voltage waveform when generating a
blank pulse waveform according to the first embodiment;
[0015] Fig. 4 is a waveform chart showing the meas-
ured waveform of a voltage output from a power supply
device 200 to which the first embodiment is applied;
[0016] Fig. 5 is a schematic view showing a power sup-
ply device, a developing unit 4, and a photosensitive
member 1 according to the second embodiment;
[0017] Fig. 6 is a waveform chart showing gate signals
to semiconductor switching elements Q1, Q2, Q3, and
Q4 and an output voltage waveform when generating a
blank pulse waveform according to the second embodi-
ment;
[0018] Fig. 7 is a waveform chart showing the meas-
ured waveform of a voltage output from a power supply
device 200 to which the second embodiment is applied;
and
[0019] Fig. 8 is a waveform chart for explaining a dis-
tortion generated in a blank pulse waveform.
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DESCRIPTION OF THE EMBODIMENTS

[First Embodiment]

[0020] An image forming apparatus 100 shown in Fig.
1 is an electrophotographic multi-color image forming ap-
paratus including a power supply circuit according to the
present invention. Note that the present invention is ap-
plicable to even a monochrome image forming appara-
tus. The image forming apparatus 100 includes four im-
age forming stations Y, M, C, and K which form images
with developing agents (toners) of different colors, that
is, yellow, magenta, cyan, and black. The image forming
stations have basically the same arrangement, and the
yellow image forming station will be explained as a rep-
resentative.
[0021] When a host controller 210 (Fig. 2) which con-
trols the overall image forming apparatus 100 receives
an instruction to form an image on a printing medium P,
a photosensitive member 1, intermediate transfer belt
51, charging roller 2, developing sleeve 41, primary trans-
fer roller 53, secondary transfer roller pair 56, and fixing
unit 7 start rotating. A DC voltage or a high voltage ob-
tained by superposing a sinusoidal voltage on a DC volt-
age is applied from a high-voltage power supply (not
shown) to the charging roller 2. The surface of the pho-
tosensitive member 1 in contact with the charging roller
2 is charged to the same potential as the DC voltage
uniformly applied from the high-voltage power supply.
Then, the surface of the photosensitive member 1 rotates
to move to the position of laser irradiation from an expo-
sure device 3. The exposure device 3 emits light L cor-
responding to an image signal, forming an electrostatic
latent image. A power supply device 200 shown in Fig.
2 applies, to the developing sleeve 41 of a developing
unit 4, a high voltage (developing bias) obtained by su-
perposing an AC voltage (voltage of a rectangular wave)
on a DC voltage. The developing bias generates negative
charges in toner. The toner develops a positive-potential
latent image from the developing sleeve 41, forming a
toner image. The developing sleeve 41 is an example of
a developing member to which a voltage supplied from
the power supply device is applied. The photosensitive
member 1 is an example of an image carrier which bears
an electrostatic latent image that is developed with a de-
veloping agent supplied from the developing member.
The toner image on the surface of the photosensitive
member 1 moves and reaches the primary transfer roller
53 as the photosensitive member 1 rotates. Then, the
toner image is transferred onto the intermediate transfer
belt 51. Note that Y, M, C, and K toner images are reg-
istered and transferred onto the intermediate transfer belt
51. Finally, toner images of multiple colors are super-
posed and formed on the intermediate transfer belt 51.
The intermediate transfer belt 51 is another example of
the image carrier. The multi-color toner image on the sur-
face of the intermediate transfer belt 51 moves and reach-
es the secondary transfer roller pair 56 as the belt 51

rotates. The secondary transfer roller pair 56 transfers
the multi-color toner image onto the printing medium P.
The secondary transfer roller pair 56 is an example of a
transferring member which transfers a developing agent
image from the image carrier onto a printing medium.
The fixing unit 7 fixes, to the printing medium P by pres-
sure and temperature, the toner image transferred on the
printing medium P.
[0022] Fig. 2 shows the power supply device 200 which
generates a developing bias, the developing unit 4, and
the photosensitive member 1. The power supply device
200 includes an AC voltage generation circuit 201, a
transformer T1, and a DC voltage source 211 which gen-
erates a DC voltage. A damping resistor R1 is generally
inserted in series between the transformer T1 and the
developing sleeve, but may be basically omitted in the
present invention. A capacitance C1 is that formed at the
gap between the developing sleeve 41 and the photo-
sensitive member 1. The DC voltage source 211 super-
poses a DC voltage on an AC voltage to be output to the
secondary side of the transformer T1 of the AC voltage
generation circuit 201. A developing bias of a rectangular
wave formed by superposing the AC and DC voltages is
applied to the developing sleeve 41. Note that a capacitor
C2 is parallel-connected to the DC voltage source 211.
[0023] The AC voltage generation circuit 201 functions
as an AC voltage generation unit which outputs a blank
pulse waveform having a pulse period during which a
rectangular wave is output and an idle period (blank pe-
riod) during which no rectangular wave is output. The AC
voltage generation circuit 201 and transformer T1 gen-
erate and output an AC voltage (rectangular wave) to be
superposed on a DC voltage. The AC voltage generation
circuit 201 includes a full bridge circuit made up of four
semiconductor switching elements Q1, Q2, Q3, and Q4.
The semiconductor switching elements Q1, Q2, Q3, and
Q4 correspond to the first, second, third, and fourth
switching units, respectively. The semiconductor switch-
ing element Q1 has one end coupled to a +24 V voltage
source, and the other end coupled to a primary-side (pri-
mary winding-side) first terminal Ta of the transformer
T1 and one end of the semiconductor switching element
Q2. The other end of the semiconductor switching ele-
ment Q2 is coupled to ground (that is, grounded). The
semiconductor switching element Q3 has one end cou-
pled to the +24 V voltage source, and the other end cou-
pled to a primary-side second terminal Tb of the trans-
former T1 and one end of the semiconductor switching
element Q4. The other end of the semiconductor switch-
ing element Q4 is coupled to ground. The transformer
T1 is an example of a transforming unit which has the
primary-side first terminal Ta coupled to the other end of
the first switching unit and one end of the second switch-
ing unit, and the primary-side second terminal Tb coupled
to the other end of the third switching unit and one end
of the fourth switching unit, and receives a blank pulse
waveform generated by the AC voltage generation unit.
[0024] A drive signal generation circuit 202 outputs
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gate signals to the gates (driving terminals) of the respec-
tive semiconductor switching elements to turn on Q1, off
Q2, off Q3, and on Q4. As a result, a voltage is applied
so that the potential at the first terminal Ta of the trans-
former winding becomes higher than that at Tb, gener-
ating a voltage with a positive amplitude in the secondary
winding. Similarly, in accordance with an output instruc-
tion, the drive signal generation circuit 202 outputs gate
signals to turn off Q1, on Q2, on Q3, and off Q4. Then,
a voltage is applied between Ta and Tb so that the po-
tential at the second terminal Tb of the transformer wind-
ing becomes higher than that at Ta, generating a voltage
with a negative amplitude in the secondary winding.
[0025] Fig. 3 shows gate signals to the semiconductor
switching elements Q1, Q2, Q3, and Q4, a signal input
to the primary side of the transformer T1, and an output
voltage waveform when generating a blank pulse wave-
form. The blank pulse waveform has two pulses (rectan-
gular wave) in the pulse period and two blanks in the
blank period. Upon receiving a blank pulse output instruc-
tion from the host CPU to start image formation, the drive
signal generation circuit 202 outputs drive signals (gate
signals) to drive the semiconductor switching elements
Q1, Q2, Q3, and Q4. The half cycle of the gate signal is
formed from a driving pattern having the first ON period,
OFF period, and second ON period. The ratio of the first
ON period, OFF period, and second ON period is adjust-
ed appropriately to reduce the distortion at the start of
outputting a blank pulse waveform and a distortion at the
end of the output. Particularly, the resonant waveform
can be reduced by adjusting the length of the OFF period.
[0026] Referring to Fig. 3, a gate signal output to the
gates of Q1 and Q4 in the periods T1 to T3 will be called
the first drive signal. A gate signal output to the gates of
Q2 and Q3 in the periods T4 to T6 will be called the
second drive signal. Further, a gate signal output to the
gates of Q2 and Q3 in the periods T7 and T8 will be called
the third drive signal. More specifically, the first drive sig-
nal has the first ON period T1 during which both Q1 and
Q4 are turned on, the OFF period T2 during which both
Q1 and Q4 are turned off, and the second ON period T3
during which both Q1 and Q4 are turned on. The second
drive signal has the first ON period T4 during which both
Q2 and Q3 are turned on, the OFF period T5 during which
both Q2 and Q3 are turned off, and the second ON period
T6 during which both Q2 and Q3 are turned on. The third
drive signal has the OFF period T7 during which both Q2
and Q3 are turned off, and the ON period T8 during which
both Q2 and Q3 are turned on.
[0027] Referring to Fig. 3, the drive signal generation
circuit 202 enables gate signals to Q1 and Q4 in the pe-
riod T1 serving as the first ON period. Then, the trans-
former T1 starts outputting a positive output voltage. In
the period T2 serving as the OFF period, the drive signal
generation circuit 202 disables the gate signals to Q1
and Q4 to suppress the resonant waveform. In the period
T3 serving as the second ON period, the drive signal
generation circuit 202 enables the gate signals to Q1 and

Q4. In this way, the output voltage becomes a rectangular
wave which rises from 0 V to a positive target value Vtar+
in the periods T1 to T3. Note that the sum of the periods
T1 to T3 corresponds to the half cycle of the rectangular
wave. This half cycle will be called Th+. The drive signal
generation circuit 202 functions as a drive signal gener-
ation unit which outputs the first drive signal to the first
and fourth switching units out of the four switching units
to cause the AC voltage generation unit to output a rec-
tangular wave of the first half cycle in the blank pulse
waveform.
[0028] In the period T4 serving as the first ON period,
the drive signal generation circuit 202 enables gate sig-
nals to Q2 and Q3. Then, the transformer T1 starts out-
putting a negative output voltage. In the period T5 serving
as the OFF period, the drive signal generation circuit 202
disables the gate signals to Q2 and Q3 to suppress the
resonant waveform. In the period T6 serving as the sec-
ond ON period, the drive signal generation circuit 202
enables the gate signals to Q2 and Q3. Accordingly, the
output voltage becomes a rectangular wave which falls
from Vtar+ to a negative target value Vtar- in the periods
T4 to T6. Note that even the sum of the periods T4 to T6
corresponds to the half cycle of the rectangular wave.
This half cycle will be called Th-. In the first embodiment,
the periods Th+ and Th- are equal to each other because
the ratio of the absolute value of the positive target value
Vtar+ and that of the negative target value Vtar- in the
rectangular wave is 1 : 1. More specifically, the drive sig-
nal generation circuit 202 outputs the first and second
drive signals so that the ratio of the duration Th+ of the
first drive signal and the duration Th- of the second drive
signal becomes equal to that of the maximum amplitude
Vtar- of a half-wave output in correspondence with the
second drive signal and the maximum amplitude Vtar+
of a half-wave output in correspondence with the first
drive signal.
[0029] The first ON period, OFF period, and second
ON period of the respective half-waves (half cycles) al-
ways satisfy T1 ≠ T4, T2 ≠ T5, and T3 ≠ T6, and T1 < T4.
That is, the length of the first ON period T1 of the first
drive signal differs from that of the first ON period T4 of
the second drive signal. The length of the OFF period T2
of the first drive signal differs from that of the OFF period
T5 of the second drive signal. The length of the second
ON period T3 of the first drive signal differs from that of
the second ON period T6 of the second drive signal. Fur-
ther, the first ON period T4 of the second drive signal is
longer than the first ON period T1 of the first drive signal.
These conditions aim at reducing a distortion at the start
of outputting a blank pulse waveform. In this fashion, the
drive signal generation circuit 202 functions as a drive
signal generation unit which outputs the second drive
signal to the second and third switching units out of the
four switching units to cause the AC voltage generation
unit to output a rectangular wave of the second half cycle
in the blank pulse waveform.
[0030] In the period T4’ serving as the first ON period,
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the drive signal generation circuit 202 enables the gate
signals to Q1 and Q4. Then, the transformer T1 starts
outputting a positive output voltage. In the period T5’
serving as the OFF period, the drive signal generation
circuit 202 disables the gate signals to Q1 and Q4 to
suppress the resonant waveform. In the period T6’ serv-
ing as the second ON period, the drive signal generation
circuit 202 turns on Q1 and Q4. As a result, a rectangular
wave which changes from the negative target voltage
Vtar- to the positive target value Vtar+ in the periods T4’
to T6’ is obtained. In this case, T4 = T4’, T5 = T5’, and
T6 = T6’ suffice. This is partly because the potential dif-
ference between an initial value (0) and the negative tar-
get value Vtar- and that between the initial value and the
target value Vtar+ have peak-to-peak symmetry. Also, a
voltage applied across the primary side of the transformer
T1 has peak-to-peak symmetry between a case in which
Q1 and Q4 of the AC voltage generation circuit 201 are
ON and a case in which Q2 and Q3 are ON.
[0031] In the period T4", the drive signal generation
circuit 202 enables the gate signals to Q2 and Q3. Then,
the transformer T1 starts outputting a negative output
voltage. In the period T5", the drive signal generation
circuit 202 disables the gate signals to Q2 and Q3 to
suppress the resonant waveform. In the period T6", the
drive signal generation circuit 202 enables the gate sig-
nals to Q2 and Q3. Then, a rectangular wave which
changes from the positive target value Vtar+ to the neg-
ative target value Vtar- in the periods T4" to T6" is ob-
tained. The initial value in this period is Vtar+, which is
different only in sign from the target value Vtar- in this
period. Hence, T4 = T4", T5 = T5", and T6 = T6".
[0032] In the period T7, the drive signal generation cir-
cuit 202 disables all the gate signals to be supplied to
Q1, Q2, Q3, and Q4 to transit from the pulse period to
the blank period. In the period T8, the drive signal gen-
eration circuit 202 enables the gate signals to be supplied
to Q2 and Q3 to suppress the resonant waveform. After
that, the drive signal generation circuit 202 disables the
gate signal to Q2. By controlling the gate signals in this
manner, the output voltage transits from Vtar- to the tar-
get control value of 0 V in the periods T7 and T8. Thus,
the drive signal generation circuit 202 functions as a drive
signal generation unit which outputs the third drive signal
to the second and third switching units to transit the blank
pulse waveform from the pulse period to the blank period.
[0033] Note that the operation in the period T7 during
which all the gate signals to be supplied to Q1, Q2, Q3,
and Q4 are disabled is different from those in the periods
T1 and T4 during which a voltage is applied to the primary
terminal of the transformer T1. This is because the former
operation is an operation of transiting to the blank period
while the latter operation is an operation of generating a
rectangular wave. Thus, T7 ≠ T1 ≠ T4, and T8 ≠ T2 ≠ T5.
That is, the length of the first ON period T1 of the first
drive signal, that of the first ON period T4 of the second
drive signal, and that of the OFF period T7 of the third
drive signal are different from each other. Further, the

length of the OFF period T2 of the first drive signal, that
of the OFF period T5 of the second drive signal, and that
of the ON period T8 of the third drive signal are different
from each other. These conditions aim at reducing the
distortion which may occur when transiting from the pulse
period to the blank period.
[0034] The use of the above driving sequence can pro-
vide a rectangular wave of two pulses in which a resonant
distortion is suppressed. Thereafter, the drive signal gen-
eration circuit 202 ensures a period of a desired length
during which Q1 and Q3 are turned on and Q2 and Q4
are turned off. This length is large enough to achieve a
blank period (including the periods T7 and T8) deter-
mined at the design stage of the image forming appara-
tus. A waveform whose one cycle is defined by the start
of the period T1 and the end of the blank period serves
as a blank pulse waveform of two pulses and two blanks.
[0035] According to the first embodiment, the period
T1 and period T4 (T4’ and T4") each serving as the first
ON period have different lengths, and the periods T2 and
period T5 (T5’ and T5") each serving as the OFF period
have different lengths. In addition, the periods T7 and T8
during which output of the rectangular wave ends are
added to the gate signal driving pattern. As is apparent
from Fig. 3, an additional pulse is added to a portion cir-
cled by a broken line in the primary-side input signal of
the transformer T1. A desired blank pulse waveform can
be output without depending on a damping resistor. Sta-
ble development can be achieved by supplying a devel-
oping bias to the developing sleeve 41 from the power
supply device 200 which reduces the distortion of the
blank pulse waveform.
[0036] Fig. 4 is a waveform chart showing the meas-
ured waveform of a voltage output from the power supply
device 200 to which the first embodiment is applied. The
target value Vtar+ is 875 V, and the DC voltage is -500
V. Fig. 4 shows, sequentially from the top, a gate signal
output to the gate of Q4, a gate signal output to the gate
of Q2, and an output voltage waveform applied to the
developing sleeve 41.
[0037] As is apparent from Fig. 4, the ratio of the first
ON period, OFF period, and second ON period of a half-
wave gate signal output first in the pulse period differs
from that of the first ON period, OFF period, and second
ON period of a gate signal output later. Also referring to
Fig. 4, the periods T7 and T8 for suppressing the resonant
waveform are adopted when transiting from the pulse
period to the blank period. A comparison between Figs.
4 and 8 reveals that distortions at the start of the pulse
period and that of the blank period are suppressed sat-
isfactorily.
[0038] As described above, the embodiment can ba-
sically omit the damping resistor R1. However, the damp-
ing resistor R1 may be employed for another reason, for
example, to adjust the response speed of the blank pulse
waveform. The damping resistor R1 may also be used
in a case in which no resonant waveform can be fully
suppressed by only adjusting the length of each period.
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Even in this case, a small resistor can be adopted as the
damping resistor R1, which is superior to the convention-
al technique.
[0039] In Fig. 4, a waveform of two pulses and two
blanks has been explained. For three or more pulses, it
suffices to repeat the periods T4, T5, T6, T4’, T5’, and
T6’ by the number of pulses. This is because the embod-
iment has a feature in which the ratio of the periods T1
to T3 is different from that of the periods T4, T5, and T6,
and the periods T7 and T8 are added.

[Second Embodiment]

[0040] Fig. 5 is a schematic view showing a power sup-
ply device, a developing unit 4, and a photosensitive
member 1 according to the second embodiment. In Fig.
2, a single voltage of 24 V is supplied to both Q1 and Q3.
In Fig. 5, 18 V is applied to the drain of Q1, 12 V is applied
to the drain of Q3, and a capacitor C3 is series-connected
to a transformer T1. The remaining arrangement in the
second embodiment is the same as that in the first em-
bodiment.
[0041] The capacitance value of the added capacitor
C3 is set to a value large enough not to change the volt-
age across the capacitor C3 from a potential difference
of 6 V between the two power supply voltages of 18 V
and 12 V, in order to suppress a change of the voltage
across the capacitor C3 caused by a switching operation
by semiconductor switching elements Q1, Q2, Q3, and
Q4.
[0042] Fig. 6 is a waveform chart showing the pattern
of a gate signal output from a drive signal generation
circuit 202 and an output voltage waveform according to
the second embodiment. The positive amplitude Vtar+
and negative amplitude Vtar- in the output voltage wave-
form according to the second embodiment have a ratio
of 2 : 3. The half cycle Th+ serving as a positive amplitude
period and the half cycle Th- serving as a negative am-
plitude period have a ratio of 3 : 2. The drive signal gen-
eration circuit 202 outputs the first and second drive sig-
nals so that the ratio of the duration Th+ of the first drive
signal and the duration Th- of the second drive signal
becomes equal to that of the maximum amplitude Vtar-
of a half-wave output in correspondence with the second
drive signal and the maximum amplitude Vtar+ of a half-
wave output in correspondence with the first drive signal.
A blank pulse waveform in which positive and negative
amplitudes are asymmetrical can be employed to im-
prove the developing performance of the image forming
apparatus using a two-component developing agent. Es-
pecially, the negative amplitude is larger than the positive
one. This strongly promotes movement of the negatively
charged toner from the developing sleeve 41 to the pho-
tosensitive member 1, and restricts the movement of pos-
itive charge carriers to the photosensitive member 1.
[0043] In the period T11 serving as the first ON period
shown in Fig. 6, the drive signal generation circuit 202
enables gate signals to Q1 and Q4. Then, output of an

output voltage with a positive amplitude starts. In the pe-
riod T12 serving as the OFF period, the drive signal gen-
eration circuit 202 disables the gate signals to Q1 and
Q4 to suppress the resonant waveform. In the period T13
serving as the second ON period, the drive signal gen-
eration circuit 202 enables again the gate signals to Q1
and Q4. As a result, a rectangular wave with the positive
target value Vtar+ is obtained in the periods T11 to T13
for generating the first rectangular wave after the power
supply device 200 is activated.
[0044] In the period T14, the drive signal generation
circuit 202 enables gate signals to Q2 and Q3. Then,
output of an output voltage with a negative amplitude
starts. In the period T15, the drive signal generation cir-
cuit 202 disables the gate signals to Q2 and Q3 to sup-
press the resonant waveform. In the period T16, the drive
signal generation circuit 202 enables again the gate sig-
nals to Q2 and Q3. In the periods T14 to T16, the ampli-
tude of the output voltage changes from Vtar+ to Vtar-.
As described above, Th+ : Th- = 3 : 2. The first ON pe-
riods, OFF periods, and second ON periods of the re-
spective half-waves have relations of T11 ≠ T14, T12 ≠
T15, and T13 ≠ T16. This is because the potential differ-
ence between the initial and target values of the ampli-
tude differs between the respective half-waves. That is,
the periods T11 to T16 have lengths corresponding to
respective potential differences.
[0045] In the period T17, the drive signal generation
circuit 202 enables the gate signals to Q1 and Q4. In
response to this, an output voltage with a positive ampli-
tude is output. In the period T18, the drive signal gener-
ation circuit 202 disables the gate signals to Q1 and Q4
to suppress the resonant waveform. In the period T19,
the drive signal generation circuit 202 enables the gate
signals to Q1 and Q4. In the periods T17 to T19, a rec-
tangular wave whose amplitude changes from Vtar- to
Vtar+ is obtained. The potential difference from the initial
value to target value of the amplitude in the periods T14
to T16 is equal to that in the periods T17 to T19 except
for the sign. However, a voltage applied across the pri-
mary side of the transformer T1 differs between a case
in which Q1 and Q4 are ON and a case in which Q2 and
Q3 are ON. More specifically, the voltage across the
transformer T1 in transition from the initial value Vtar+ to
the target value Vtar- is -18 V, whereas the voltage in
transition from the initial value Vtar- to the target value
Vtar+ is 12 V. From this, conditions which should be sat-
isfied by the first ON period, OFF period, and second ON
period are T14 ≠ T17, T15 ≠ T18, and T16 ≠ T19.
[0046] In the period T14’, the drive signal generation
circuit 202 enables the gate signals to Q2 and Q3. Then,
output of an output voltage with a negative amplitude
starts. In the period T15’, the drive signal generation cir-
cuit 202 disables the gate signals to Q2 and Q3 to sup-
press the resonant waveform. In the period T16’, the drive
signal generation circuit 202 enables again the gate sig-
nals to Q2 and Q3. In the periods T14’ to T16’, a rectan-
gular wave whose amplitude changes from Vtar+ to Vtar-
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is obtained. In the periods T14’ to T16’, conditions re-
garding the initial value Vtar+ and target value Vtar- are
the same as those in the periods T14 to T16. Hence, T14
= T14’, T15 = T15’, and T16 = T16’.
[0047] In the period T20, the drive signal generation
circuit 202 disables all the gate signals to Q1, Q2, Q3,
and Q4 to transit to the blank period. In the period T21,
the drive signal generation circuit 202 enables the gate
signals to Q2 and Q3 to suppress the resonant waveform.
The operation in the period T20 during which all the gate
signals to Q1, Q2, Q3, and Q4 are disabled is different
from those in the periods T11 and T14 during which a
voltage is applied to the transformer T1. Hence, T20 ≠
T11 ≠ T14, and T21 ≠ T12 ≠ T15 are established.
[0048] Finally, the drive signal generation circuit 202
enables the gate signals to Q1 and Q3, and disables
those to Q2 and Q4. The amplitude of the output voltage
then changes from Vtar- to 0 V.
[0049] By the above driving sequence, a rectangular
wave of two pulses almost free from a resonant distortion
can be obtained. Thereafter, the drive signal generation
circuit 202 ensures a blank period by enabling the gate
signals to Q1 and Q3 and disabling those to Q2 and Q4.
The periods T20 and T21 are also part of the blank period.
[0050] Fig. 7 is a waveform chart showing the meas-
ured waveform of a voltage output from the power supply
device 200 to which the second embodiment is applied.
Fig. 7 shows, sequentially from the top, a gate signal
output to the gate of Q4, a gate signal output to the gate
of Q2, and an output voltage waveform applied to the
developing sleeve 41. As shown in Fig. 7, the second
embodiment can obtain the same effects as those in the
first embodiment by properly adjusting the lengths of the
respective periods even when the magnitudes of the pos-
itive and negative amplitudes are different from each oth-
er in a rectangular wave which forms a blank pulse wave-
form.
[0051] The conditions imposed on the respective pe-
riods in the first and second embodiments have been
explained. The practical lengths of the respective periods
depend on conditions necessary for the developing bias.
It suffices to determine the lengths of the respective pe-
riods by experiment or simulation to meet the above-de-
scribed conditions.
[0052] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.
A developing means (4) develops a latent image with a
developing agent. A supply means (200) supplies, to the
developing means, a developing alternating current bias
voltage with a waveform having a pulse period during
which a rectangular wave is output and a blank period
during which no rectangular wave is output. An input sig-
nal generation means (201) generates, as an input signal

to be supplied to a primary side of a transforming means
(T1) that forms the developing alternating current bias
voltage, an input signal obtained by adding an additional
pulse smaller in width than the rectangular wave in the
pulse period at a timing to transit from the pulse period
to the blank period.

Claims

1. An image forming apparatus (100) comprising:

a developing means (4, 41) for developing a la-
tent image formed on a photosensitive member
with a developing agent;
a supply means (200) for supplying, to said de-
veloping means, a developing alternating cur-
rent bias voltage with a waveform having a pulse
period during which a rectangular wave is output
and a blank period during which no rectangular
wave is output; and
an input signal generation means (201) for gen-
erating, as an input signal be supplied to a pri-
mary side of a transforming means (T1) for form-
ing the developing alternating current bias volt-
age, an input signal obtained by adding an ad-
ditional pulse smaller in width than the rectan-
gular wave in the pulse period at a timing to tran-
sit from the pulse period to the blank period.

2. The apparatus according to claim 1, wherein said
input signal generation means sets an OFF period
of a predetermined width near a start of each rec-
tangular wave corresponding to the pulse period of
the input signal.

3. The apparatus according to claim 2, wherein the
width of the additional pulse added at the timing to
transit from the pulse period to the blank period is
smaller than the predetermined width of the OFF pe-
riod of a final rectangular wave out of a plurality of
rectangular waves in the pulse period.

4. A power supply circuit (200) comprising:

an alternating current voltage generation means
(201) for outputting a blank pulse waveform hav-
ing a pulse period during which a rectangular
wave is output and a blank period during which
no rectangular wave is output, said alternating
current voltage generation means including a
full bridge circuit formed from a first switching
means (Q1) having one end coupled to a voltage
source, a second switching means (Q2) having
one end coupled to the other end of the first
switching means and the other end coupled to
ground, a third switching means (Q3) having one
end coupled to the voltage source, and a fourth
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switching means (Q4) having one end coupled
to the other end of the third switching means and
the other end coupled to ground;
a transforming means (T1) for receiving the
blank pulse waveform generated by said alter-
nating current voltage generation means, said
transforming means having a primary-side first
terminal coupled to the other end of the first
switching means and the one end of the second
switching means, and a primary-side second
terminal coupled to the other end of the third
switching means and the one end of the fourth
switching means; and
a drive signal generation means (202) for out-
putting a first drive signal to driving terminals of
the first switching means and fourth switching
means to cause said alternating current voltage
generation means to output a rectangular wave
of a first half cycle in the blank pulse waveform,
and outputs a second drive signal to driving ter-
minals of the second switching means and third
switching means to cause said alternating cur-
rent voltage generation means to output a rec-
tangular wave of a second half cycle in the blank
pulse waveform,
wherein the first drive signal has a first ON period
during which both the first switching means and
the fourth switching means are turned on, an
OFF period during which both the first switching
means and the fourth switching means are
turned off, and a second ON period during which
both the first switching means and the fourth
switching means are turned on,
the second drive signal has a first ON period
during which both the second switching means
and the third switching means are turned on, an
OFF period during which both the second
switching means and the third switching means
are turned off, and a second ON period during
which both the second switching means and the
third switching means are turned on, and
a length of the first ON period of the first drive
signal and a length of the first ON period of the
second drive signal are different from each oth-
er, a length of the OFF period of the first drive
signal and a length of the OFF period of the sec-
ond drive signal are different from each other, a
length of the second ON period of the first drive
signal and a length of the second ON period of
the second drive signal are different from each
other, and the length of the first ON period of the
second drive signal is larger than the length of
the first ON period of the first drive signal.

5. The circuit according to claim 4, wherein
said drive signal generation means outputs a third
drive signal to the second switching means and the
third switching means to transit the blank pulse

waveform from the pulse period to the blank period,
the third drive signal has an OFF period during which
both the second switching means and the third
switching means are turned off, and an ON period
during which both the second switching means and
the third switching means are turned on, and
the length of the first ON period of the first drive sig-
nal, the length of the first ON period of the second
drive signal, and a length of the OFF period of the
third drive signal are different from each other, and
the length of the OFF period of the first drive signal,
the length of the OFF period of the second drive sig-
nal, and a length of the ON period of the third drive
signal are different from each other.

6. The circuit according to claim 4, wherein said drive
signal generation means outputs the first drive signal
and the second drive signal to make a ratio of a du-
ration of the first drive signal and a duration of the
second drive signal equal to a ratio of a maximum
amplitude of a half-wave output in correspondence
with the second drive signal and a maximum ampli-
tude of a half-wave output in correspondence with
the first drive signal.

7. A power supply circuit (200) comprising:

an alternating current voltage generation means
(201) for outputting a blank pulse waveform hav-
ing a pulse period during which a rectangular
wave is output and a blank period during which
no rectangular wave is output, said alternating
current voltage generation means including a
full bridge circuit formed from a first switching
means (Q1) having one end coupled to a voltage
source, a second switching means (Q2) having
one end coupled to the other end of the first
switching means and the other end coupled to
ground, a third switching means (Q3) having one
end coupled to the voltage source, and a fourth
switching means (Q4) having one end coupled
to the other end of the third switching means and
the other end coupled to ground;
a transforming means (T1) for receiving the
blank pulse waveform generated by said alter-
nating current voltage generation means, said
transforming means having a primary-side first
terminal coupled to the other end of the first
switching means and the one end of the second
switching means, and a primary-side second
terminal coupled to the other end of the third
switching means and the one end of the fourth
switching means; and
a drive signal generation means (202) for out-
putting a first drive signal to driving terminals of
the first switching means and fourth switching
means to cause said alternating current voltage
generation means to output a rectangular wave
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of a first half cycle in the blank pulse waveform,
outputs a second drive signal to driving terminals
of the second switching means and third switch-
ing means to cause said alternating current volt-
age generation means to output a rectangular
wave of a second half cycle in the blank pulse
waveform, and outputs a third drive signal to
driving terminals of the second switching means
and third switching means to transit the blank
pulse waveform from the pulse period to the
blank period,
wherein the third drive signal has an OFF period
during which both the second switching means
and the third switching means are turned off,
and an ON period during which both the second
switching means and the third switching means
are turned on, and
a length of the first ON period of the first drive
signal, a length of the first ON period of the sec-
ond drive signal, and a length of the OFF period
of the third drive signal are different from each
other, and a length of the OFF period of the first
drive signal, a length of the OFF period of the
second drive signal, and a length of the ON pe-
riod of the third drive signal are different from
each other.

8. The circuit according to claim 7, wherein said drive
signal generation means outputs the first drive signal
and the second drive signal to make a ratio of a du-
ration of the first drive signal and a duration of the
second drive signal equal to a ratio of a maximum
amplitude of a half-wave output in correspondence
with the second drive signal and a maximum ampli-
tude of a half-wave output in correspondence with
the first drive signal.

9. An image forming apparatus (100) comprising:

a power supply circuit (200);
a developing member (4, 41) to which a blank
pulse waveform supplied from said power sup-
ply circuit is applied;
an image carrier (1) which bears an electrostatic
latent image that is developed with a developing
agent supplied from said developing member;
and
a transferring member (51, 53, 56) which trans-
fers a developing agent image from the image
carrier onto a printing medium,
said power supply circuit including:

an alternating current voltage generation
means (201) for outputting a blank pulse
waveform having a pulse period during
which a rectangular wave is output and a
blank period during which no rectangular
wave is output, said alternating current volt-

age generation means including a full
bridge circuit formed from a first switching
means (Q1) having one end coupled to a
voltage source, a second switching means
(Q 2) having one end coupled to the other
end of the first switching means and the oth-
er end coupled to ground, a third switching
means (Q3) having one end coupled to the
voltage source, and a fourth switching
means (Q4) having one end coupled to the
other end of the third switching means and
the other end coupled to ground;
a transforming means (T1) for receiving the
blank pulse waveform generated by said al-
ternating current voltage generation
means, said transforming means having a
primary-side first terminal coupled to the
other end of the first switching means and
the one end of the second switching means,
and a primary-side second terminal coupled
to the other end of the third switching means
and the one end of the fourth switching
means; and
a drive signal generation means (202) for
outputting a first drive signal to driving ter-
minals of the first switching means and
fourth switching means to cause said alter-
nating current voltage generation means to
output a rectangular wave of a first half cycle
in the blank pulse waveform, and outputs a
second drive signal to driving terminals of
the second switching means and third
switching means to cause said alternating
current voltage generation means to output
a rectangular wave of a second half cycle
in the blank pulse waveform,
wherein the first drive signal has a first ON
period during which both the first switching
means and the fourth switching means are
turned on, an OFF period during which both
the first switching means and the fourth
switching means are turned off, and a sec-
ond ON period during which both the first
switching means and the fourth switching
means are turned on,
the second drive signal has a first ON period
during which both the second switching
means and the third switching means are
turned on, an OFF period during which both
the second switching means and the third
switching means are turned off, and a sec-
ond ON period during which both the sec-
ond switching means and the third switching
means are turned on, and
a length of the first ON period of the first
drive signal and a length of the first ON pe-
riod of the second drive signal are different
from each other, a length of the OFF period
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of the first drive signal and a length of the
OFF period of the second drive signal are
different from each other, a length of the
second ON period of the first drive signal
and a length of the second ON period of the
second drive signal are different from each
other, and the length of the first ON period
of the second drive signal is larger than the
length of the first ON period of the first drive
signal.

10. An image forming apparatus (100) comprising:

a power supply circuit (200);
a developing member (4, 41) to which a blank
pulse waveform supplied from said power sup-
ply circuit is applied;
an image carrier (1) which bears an electrostatic
latent image that is developed with a developing
agent supplied from said developing member;
and
a transferring member (51, 53, 56) which trans-
fers a developing agent image from the image
carrier onto a printing medium,
said power supply circuit including:

an alternating current voltage generation
means (201) for outputting a blank pulse
waveform having a pulse period during
which a rectangular wave is output and a
blank period during which no rectangular
wave is output, said alternating current volt-
age generation means including a full
bridge circuit formed from a first switching
means (Q1) having one end coupled to a
voltage source, a second switching means
(Q2) having one end coupled to the other
end of the first switching means and the oth-
er end coupled to ground, a third switching
means (Q3) having one end coupled to the
voltage source, and a fourth switching
means (Q4) having one end coupled to the
other end of the third switching means and
the other end coupled to ground;
a transforming means (T1) for receiving the
blank pulse waveform generated by said al-
ternating current voltage generation
means, said transforming means having a
primary-side first terminal coupled to the
other end of the first switching means and
the one end of the second switching means,
and a primary-side second terminal coupled
to the other end of the third switching means
and the one end of the fourth switching
means; and
a drive signal generation means (202) for
outputting a first drive signal to driving ter-
minals of the first switching means and

fourth switching means to cause said alter-
nating current voltage generation means to
output a rectangular wave of a first half cycle
in the blank pulse waveform, outputs a sec-
ond drive signal to driving terminals of the
second switching means and third switching
means to cause said alternating current
voltage generation means to output a rec-
tangular wave of a second half cycle in the
blank pulse waveform, and outputs a third
drive signal to driving terminals of the sec-
ond switching means and third switching
means to transit the blank pulse waveform
from the pulse period to the blank period,
wherein the third drive signal has an OFF
period during which both the second switch-
ing means and the third switching means
are turned off, and an ON period during
which both the second switching means and
the third switching means are turned on, and
a length of the first ON period of the first
drive signal, a length of the first ON period
of the second drive signal, and a length of
the OFF period of the third drive signal are
different from each other, and a length of
the OFF period of the first drive signal, a
length of the OFF period of the second drive
signal, and a length of the ON period of the
third drive signal are different from each oth-
er.
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